Background: This study assessed the quality of life (QoL) and the implication of time effort of everolimus treatment in patients with metastatic renal cell carcinoma (mRCC). Methods: Adult patients with mRCC were eligible for everolimus treatment after first-line vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors or bevacizumab therapy. The primary end-point, QoL, was assessed by means of the NCCN-FACT FKSI-19 questionnaire. Results: In total, 202 patients (24% of female patients; median age, 71 years) were evaluable for QoL analyses. The median treatment duration was 4.4 months (95% CI, 3.8-5.3) and the median time to progression was 6 months (95% CI, 5.4-7.5). The median FKSI-19 total score remained stable during treatment (52.0 at therapy start, 55.0 at observation end). The median time effort spent on total therapy was 20 hours per patient. Most of the patients stated to have "no limitations," "a little" or "moderate" limitations in their daily, social, and professional lives. Two months after the start of treatment, 65 patients reported none or a little time burden due to therapy. Conclusions: QoL was maintained during the everolimus therapy and limitations as well as time effort were acceptable for most of the patients. The study supports previous findings on switching mode of action after anti-VEGFR-targeted therapy to a mammalian target of rapamycin inhibitor.
Introduction
The approval of targeted drugs has been a milestone in the therapy of metastatic renal cell carcinoma (mRCC). Vascular endothelial growth factor receptor tyrosine kinase inhibitors (VEGFR-TKIs) have shown clinical benefit for patients with treatment naïve or cytokine-pretreated RCC by extending progression-free survival (PFS) or overall survival (OS) [1, 2] . Further increase in the prolongation of median OS is possible the with sequential treatment of targeted drugs after the first-line therapy with VEGFR-TKIs [3] . Activation of the mammalian target of rapamycin (mTOR) pathway as a potential resistance principle of tyrosine kinases provides a rationale for the change in therapeutic strategy after the treatment with a first-line VEGFR-TKI in patients with mRCC.
Everolimus, inhibitor of mTOR, was the first drug to show efficacy after the failure of a targeted therapy in patients with mRCC with a prolonged PFS (4.9 months vs. 1.9 months, hazard ratio (HR), 0.33; p < 0.001) in a controlled clinical trial, RECORD-1 (Renal Cell cancer treatment with Oral RAD001 given Daily) [4] . The median OS was 14.8 months in the RECORD-1 study, but was not significantly longer compared to the placebo probably due to crossover from placebo to the everolimus arm ( p = 0.18) [4] . However, the survival corrected for crossover was 1.9-fold longer (95% confidence interval (CI), 0.5-8.5) with everolimus compared to placebo only [4] . Later, RECORD-3 study demonstrated a strong trend supporting standard treatment paradigm of sunitinib-everolimus sequence, with a median OS of 32.0 months.
Everolimus (Afinitor ® ) is approved for the treatment of patients with mRCC after the failure of VEGF-targeted therapy in the European Union and in the United State of America [5] [6] [7] . At the time of this study start, second-line treatment with everolimus after the failure of VEGF-targeted therapy was a standard treatment option as recommended by international guidelines [8, 9] . The approval of new TKIs and immunotherapeutic agents for the second-line treatment of mRCC, since the start of the study, limits everolimus use in the second-line treatment; however, everolimus is still a valid treatment option in this setting [9] [10] [11] . The improvement in survival based on continuous treatment requires in-depth analysis of patient's quality of life (QoL) in order to assess the risk-benefit ratio, especially in the second-line treatment [12] . Therefore, Cella and coworkers recommended measuring QoL in the second-line treatment of mRCC [13] .
To gain more insight into QoL of the patients during the second-line treatment with everolimus under routine conditions, this study aimed to assess the following: (a) QoL using patient-reported outcome (PRO) questionnaires; (b) time burden due to medical visits/activities; (c) QoL based on time burden; (d) analysis of treatment sequences; (d) adverse events (AEs) during routine care with everolimus; and (e) time from baseline to progression.
Patients and Methods
Study Design EVERPRO (evaluation of quality of life in second-line treatment with everolimus in patients with metastatic renal cell carcinoma) was a prospective, single-arm, non-interventional study of second-line everolimus administered per routine clinical practice in patients with mRCC from registered sites in Germany. This non-interventional study was performed as a multicenter study in 75 oncological centers.
Patients and Treatment
Adult patients (aged ≥ 18 years) with mRCC, who had previously received no more than 1 drug for the treatment of RCC followed by the physician's decision to treat with everolimus, were included in the study. Patients were ineligible if they were participating in an interventional clinical trial at the same time. The planned enrollment was 350 patients in up to 150 centers; due to slow patient accrual, the study was terminated after 209 patients (in 75 active centers).
Everolimus was used according to the approved product label in Europe. Patients received everolimus 10 mg once daily orally until disease progression or unacceptable toxicity occurred. The dose interruptions and/or reductions to 5 mg/day were allowed to manage side effects.
Analysis populations were defined as total population (all eligible patients documented at baseline) and analysis population (all patients of the total population with documented evidence of everolimus intake and at least 1 documented information under treatment). To get conclusive results, the observation period of this study was equivalent to the treatment duration with everolimus; hence, the study ended 12 months after the inclusion of the last patient in this study. Patient observation period started in July 2012 and ended in September 2016. Patient records, the patient registration form, and questionnaires for assessment of QoL were used as data sources. All data including AEs were documented in the electronic case report form (eCRF).
Assessment of HRQOL
The primary objective of the study was to assess the health-related QoL (HRQOL). HRQOL was assessed using National Comprehensive Cancer Network/Functional Assessment of Cancer Therapy-Kidney Symptom Index 19 (NCCN-FACT FKSI-19) questionnaire and distance-and treatment time (DTT) questionnaire. NCCN-FACT FKSI-19 covered 4 subscales of the FKSI (DRS-P, disease-related symptoms subscale-physical; DRS-E, disease-related symptoms subscale-emotional; TSE, treatment side effects subscale; FWB, function and well-being subscale) [12] . The higher the subscores or the total score, the better is the QoL. The subscales were evaluable, if at least 50% of respective items were answered. The FKSI-19 questionnaire as a whole (= total score) was evaluable, if all subscales were evaluable and at least 80% of all items were answered. Valid observations were patients who filled out the questionnaires in such a way that questionnaires were evaluable with regard to the respective subscale or total score. Based on a report by Rao and colleagues [12] that takes into account minimally important differences (MIDs), a change plus or minus 6 points was considered MID (minimally clinically relevant change) + (improvement) MID (deterioration) scored. DTT questionnaire included the collection of data related to the time burden for visits at the treating physician or at the hospital (ambulatory or in-house), home visits, services of caretakers, phone contacts, and further measures. The time required includes the total time spent for visits at the physician's place, visits at home, other contacts to physician, hospital visits, stays in rehabilitation clinics, and further therapeutic measures. The documentation of findings and patient questionnaires was collected at the study inclusion, and after 1, 2, 4, 6, 8, 10, and 12 months and so on, and at the treatment end. The distance-and time questionnaire was skipped at the inclusion into the study and at the documentation time point after 1 month. The FKSI-19 was skipped at 1 month after the inclusion.
The secondary objectives of the study included the analysis of treatment sequences (treatments before and after everolimus) 
Data Sources and Statistical Analysis
Physicians collected patient information in the eCRF. iOMED-ICO provided the required software, iostudy office edc, developed for recording of data and adapted to study needs. This software was password protected, validated, and certified according to ISO 9000: 2001. An audit trail was available. All the findings recorded in the eCRF were transferred online into the study database at iO-MEDICO AG. Transfer of data from the questionnaire into the database was tested and validated before study start. The parameters recorded in the eCRF were demographics, Karnofsky performance index (KPI), anamnesis of primary diagnosis (date, TNM classification, histological subtype, localization of tumor, Memorial Sloan Kettering Cancer Center [MSKCC] score at first-line), anamnesis of first appearance of metastasis (date, site of metastasis), number of resected and involved lymph nodes.
The coding of AEs was performed according to the Medical Dictionary for Regulatory Activities version 17.0 or higher and graded using the Common Terminology Criteria for Adverse Events version 4.03 [14] . For all serious AEs (SAEs), the potential causal relation to everolimus was assessed and documented by the treating physician. In the case that no information regarding potential relation was provided, a causal relationship to everolimus was assumed. All AEs were documented starting with the first administration of everolimus (independent of causality) until 30 days after the end of treatment.
The statistical analyses were performed using statistical version 10 (StatSoft Europe GmbH), SAS version 9.4, and statistics programme R, version 2.15.1 (www.r-project.org) and was based on the guidelines of the Committee for Proprietary Medicinal Products, "Biostatistical Methodology in Clinical Trials," and the ICH guidance E9 "Statistical Principles for Clinical Trials".
Results

Patient Demographics
A total of 209 patients from 75 sites were included in the study; for whom, the inclusion visit was documented. The safety population as well as the efficacy population a Classification according to the European Association of Urology guidelines on renal cell carcinoma, update 2013 [21] . involves 202 patients (analysis population); for whom, at least 1 prescription of everolimus was documented and at least 1 further information under therapy was available ( fig. 1 ) .
The median observation time (the first prescription of everolimus until the last contact or death) was 6.41 months (95% CI, 5.69-8.05). The number of patients declined to 164 at 2 months after the inclusion visit. At month 10 patient number decreased to 41 patients, at month 16 to 20 patients, at month 20 to 12 patients and after month 24, the number dropped to <10 patients. The baseline characteristics of the analysis population are shown in table 1 .
Therapy Sequences
Of the 202 patients, 171 (84.7%) completed the therapy with everolimus by the end of their individual observation period of 12 months. Further therapy was planned for 103 patients, and the planned therapy sequences post everolimus treatment for these patients are shown in figure 2 .
Exposure
The median duration of everolimus treatment for the analysis population was 4.4 months (95% CI, 3.8-5.3). The median absolute dose intensity for patients with a documented date therapy end (n = 189) was 62.6 mg/ week (range, 5.5-70 weeks), and the median relative dose intensity was 89.4% (range, 7.9-100%).
Efficacy
The median TTP for the analysis population was 6.0 months (95% CI, 5.4-7.5). After stratifying the patients based on the duration of first-line therapy, the median TTP did not differ markedly between the groups. The median PFS was 5.7 months (95% CI, 4.8-7.1) ( fig. 3 ) ; the PFS results of subgroup analyses based on MSKCC risk, histology, response to first-line treatment, and the duration of first-line treatment were not conclusive. The summary of events is shown in table 2 .
Safety
Overall, 167 patients (82.7%) experienced 804 AEs in total including 314 SAEs. The most commonly reported AEs were malignant neoplasm progression (17%), dyspnea (16%), fatigue (14%), and anemia (14%) ( table 3 ). 69 patients (34.2%) discontinued due to an AE, of these, 29 (14%) were considered to be related to everolimus. Of the total AEs, 347 were known to be treatment related including 287 grade 1 or 2 and 49 grade 3 or 4 AEs, respectively. A total of 118 patients (58.4%) experienced 314 SAEs, of which, 100 SAEs (12.4% of 804 AEs) in 58 patients were assessed as being related to treatment with everolimus. 42 patients (20.8%) died during the study including 7 deaths, which were assessed to be related to everolimus.
Patient-Reported Outcomes
Evaluation of QoL A total of 692 of 1021 questionnaires provided to patients (67.8 ± 9.4%) were filled and returned to the physicians. The mean proportion of missing items in the whole questionnaire was 4.7% and was higher in the DTT questionnaire compared to the FKSI-19 (8.4% ± 12.6% vs. 1.7% ± 6.5%). The median FKSI-19 total score remained stable during the treatment (52.0 at therapy start, 55.0 at observation end) ( fig. 4 ) .
FKSI-19 subscales were DRS-P, DRS-E, TSE, FWB. The median score for DRS-P was 36.0 at baseline and 37.5 at the end of observation with a maximum score of 48. The maximum median improvement as compared to baseline was 3.4 points at month 16 and the maximum median change for the worse was -3 points at month 4, 6, 8 and 28. The median score for DRS-E was 2.0 at baseline and 1.0 at the end of observation with a maximum score of 4. There were only small changes in scores throughout the study, mainly after month 16. No change for the worse was reported during the course of the study, the maximum median improvement was 4.0 points at month 40.
Median scores for TSE were 10.0-12.0 throughout the observation period, with a median score of 9.0 at the end of observation with a maximum score of 12. There were no changes for the worse during the observation time and the maximum median improvement was 2.5 points at month 18. Median scores for FWB were between 5.0-10.5 throughout the observation period with a median score of 6.0 at the end of the observation period and a maximum score of 12. As compared to the median score at the inclusion visit, the maximum median improvement was 3.0 points at month 18, 22, 36 and thereafter. The maximum median decrease was -3.0 points recorded at month 34.
Altogether, the median change in total score increased slightly until month 24 with a maximum improvement of 8.4 points at month 16 as compared to the inclusion visit. The median change in total FKSI-19 score, overall/obective response rate (ORR) and disease control rate (DCR) by month is shown in figure 5 . ( fig. 6 a) . In total, 72.3% of the patients reported that they had visited a physician at least once; 3.0% of patients reported no physician visits, and no information was available for 24.8% of patients ( fig. 6 b) . The median number of physician visits was 11.0 visits per patient throughout the observation time (range, 0.0-108.0 visits; n = 142); the total median time spent for visiting the physician was 18.0 h (0.0-136.0 h; n = 140).
Limitations in Daily Activities
Most of the patients stated to have "no limitations," "a little," or "moderate limitations" in their daily, social, and professional lives.
At the first observation point (month 2), data regarding limitations in daily routine were available for 122 of 164 patients. 20 that they were not limited at all, 37 patients (22.6%) assessed their limitation as "a little," 35 patients (21.3%) stated that they were "moderately limited," and 22 patients (13.4%) stated that they were "considerably limited." 8 patients (4.9%) assessed their limitations as "severe." No information was available from 42 patients (25.6%) ( fig. 7 a) . Limitations in daily routine decreased slightly until month 10; at the bimonthly observation points, 15.3% at month 4 (n = 124), 16 .7% at month 6 (n = 84), 16.9% at month 8 (n = 59), and 17.1% at month 10 (n = 41) stated that they had no limitations and 16.9, 22.6, 25.4, and 26.8% stated that they were only "a little" limited. In addition, there were only 4.8, 3.6, 3.4, and 0.0% of patients that were severely limited at these time points. However, the number of evaluable patients decreased from 124 patients at month 4 to 41 patients at month 10, and for those, there were 25% to 30% of data missing. For 191 patients, the observation end was documented; of which, 3.7% assessed their limitations as not limited, 5.8% "a little" limited, 2.1% as moderate, 3.7% considerably limited, and 1.6% considered their limitations "severe" ( fig. 7 a) .
Total scores were calculated based on the 4 subscores related to limitations, including limitations in the daily routine, limitations in activity, limitations in professional life, and limitation caused by time burden. The total scores decreased during the observation period; however, the number of observations is very low ( fig. 7 b) .
Discussion
Over the past decade, there has been a significant advancement in the treatment of mRCC, with the approval of targeting agents inhibiting VEGF and mTORC1. Various studies including the randomized phase 2 RECORD-3 study [6] and the real-world non-interventional CHANGE study [5] demonstrated the benefit of switching mode of action from VEGFR to mTOR. However, HRQOL outcomes have not been sufficiently documented in patients who receive second-line everolimus. This study provides a comprehensive overview of HRQOL that patients with mRCC experience during the second-line treatment with everolimus.
The patient population included in this study is at least representative of patients with mRCC in Germany, as patients were included based on the European Medicines Agency approval status and the study sites were distributed equally. With the broad inclusion criteria, patient characteristics of the study population are in accordance with the general mRCC patient population allowing the results to be generalizable and relevant to the larger population. Therapy sequences observed during this study mirror the treatment landscape of mRCC in Germany before the approval of nivolumab, cabozantinib, and lenvatinib. Sunitinib and pazopanib appeared to be the standard treatment options in the first-line setting while bevacizumab in combination with interferon-α and sorafenib played a subordinate role.
The duration of everolimus exposure may have the impact-associated symptoms as well as HRQOL in individual patients. Patients in this study had longer everolimus treatment duration with 4.4 months (95% CI, 3.8-5.3) compared to the RECORD-1 trial [15] .
The results of the current study support the use of everolimus as post VEGFR-TKI treatment option for mRCC under "real-world conditions" with comparable efficacy as noted in the clinical trials in terms of median PFS ( ∼ 5.7 months) and TTP ( ∼ 6.0 months). Regardless of the drug administered, the second-line PFS was comparatively shorter in a German RCC registry (4.3 months) [16] . Similarly, PFS was longer in this study compared to RECORD-1 (4.9 months) [15] and a little shorter than the PFS of the CHANGE study (6.9 months) [5] . Due to the non-interventional nature of the study, no predefined tumor evaluation was performed, and the data are missing for a relatively high proportion of patients, which may lead to a bias in the efficacy results.
MSKCC risk, histology, response to first-line treatment, and duration of first-line treatment were used as stratification factors for subgroup analyses. However, the results of these analyses are not conclusive. Analysis of the median time to increase or decrease in Karnofsky performance status (KPS) data was not sufficient to draw any conclusions, since most of the patients were censored very early due to missing KPI assessments.
The safety profile of everolimus was consistent with the results of prior trials and German SmPC [7] . Overall, most AEs were manageable and the risk-benefit ratio was acceptable in the context of clinical benefit in patients with a fatal disease. Commonly reported AEs that were related to everolimus were stomatitis, dyspnea, fatigue, rash, nausea, and anemia. The majority of everolimusrelated SAEs were respiratory, thoracic, and mediastinal disorders that occurred in ∼ 10% of patients. Drug-related pneumonitis, a known class effect toxicity of rapalogs, was reported in 5.4% of patients. Thus, heightened awareness on this toxicity, appropriate diagnosis and management are crucial to optimize patient safety. The lack of prespecified toxicity management guidelines may have contributed to a high percentage (34.2%) of treatment discontinuation due to AEs in this non-interventional study than RECORD-1 study (10%) [15] .
Similar to the previous reports [4, 15, 17] , treatment with everolimus seems to improve the QoL although this effect appears marginal; however, everolimus certainly does not exert a negative effect on QoL. All the trends re- EVERPRO mained stable or showed marginal increase without any significant change even after 10 months of observation. A review on the available HRQOL data from clinical trials noted that everolimus significantly delays and reduces the degree of KPS deterioration regardless of the tumor size [18] .
Questionnaires and PRO instruments used in the study covered all relevant domains of RCC. The DTT questionnaire was developed and used for the first time in this study while NCCN-FACT FKSI-19 questionnaire is a validated and widespread tool to investigate QoL of patients with RCC. Overall, about 70% of the questionnaires were returned, and the median FKSI-19 scores and also the FKSI subscores were stable till month 8; then, the trend showed an improvement in scores. Since the number of questionnaires decreased rapidly, especially after month 8, only few observations were available, which made the interpretations difficult. Therefore, it might be the case that the questionnaires collected after 10 months were completed mostly by patients who were long-term responders with a well-tolerated safety profile.
Higher scores for PROs indicated an improved wellbeing, which was influenced by factors related to the AE profile and effectiveness of everolimus. An important association exists in the correlation of tumor response and measures of change in PROs [19] . It was demonstrated that PRO response duration was shorter than tumor response duration suggesting that the patients might detect worsening conditions before oncologists can detect cancer progression [19] . Overall, patients with higher QoL at baseline with a FKSI-19 total score of ≥ 52 did better throughout the study. Herrmann et al. [20] previously noted that the global HRQOL at baseline was significantly associated with tumor response, and patients with high baseline scores achieved significantly longer median PFS than those with baseline scores less than or equal to the median score.
Limitations questionnaire analyzed the data round key 4 limitations including "limitations in daily routine," "social activities" and "professional life," and "time burden due to therapy." Majority of the patients assessed their limitations as "no limitations," "very little," or "moderate" throughout the observation period.
Non-interventional nature of this study was the primary limitation to detect the true association of PROs. Since no predefined schedule and broad inclusion criteria were preset, the internal validity of the data collected is limited. The study did not require standardized tumor response evaluation; hence, the tumor evaluations were not uniform and were performed at the discretion of the local investigator. In order to ensure an adequate documentation quality, a sample monitoring was performed during this non-interventional study, thus leading to the high documentation quality.
In conclusion, this non-interventional EVERPRO study reflects routine use of second-line everolimus in patients with mRCC. The present authors demonstrate that the QoL is maintained during everolimus therapy, and the treatment-associated limitations as well as the time efforts are acceptable for most patients. The study supports previous findings on switching mode of action after anti-VEGFR-targeted therapy to an mTOR inhibitor. Treatment duration, efficacy and safety results are consistent with the second-line data for everolimus after VEG-RF-TKIs from prior studies and German SmPC.
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